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(57) Abstract 

The use of a molecule that inhibits CD26 for the preparation of a medicament for increasing the immune response of a human 
patienUnf^ wim hY^ by contacting the T-<ells, in vitro or in Wvo, with the said molecule at a concentrate effective to cause T-cell 
proliferation, but below an amount that causes detectable cytotoxicity. 
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USE OF CD26 INHIBITOR FOR THE MANUFACTURE OF A MEDICAMENT FOR THE TREATMENT OF 
HIV 

(Government Support 

5 This work was. funded in part by grant number A136696 from the National Institutes of 

Health. Accordingly, the United States Government may have certain rights to this invention. 

Cross-Reference to Related App lications 
This application claims priority from U.S. Patent Application Serial No. 08/852,394, 
10 filed on May 7, 1997, entitled TREATMENT OF HIV. The contents of this U.S Patent 
application are hereby expressly incorporated by reference. 

Background of the Invention 
This invention relates to treatment of HIV. 
1 5 One of the classic markers of full-blown AIDS resulting from long-term infection with 

HIV-1 is a severe depletion of CD4* T-cells, which are a key component of the immune system. 
Attempts have been made to increase the CD4 + counts of AIDS patients, and some of these 
efforts, notably treatment with HIV protease inhibitors, have met with considerable success. 
Other approaches, e.g., stimulation of the immune response by vaccination with viral peptides, 
20 have been less successful. The reasons for CD4 + depletion in AIDS, and resistance of CD4 + 
cells to stimulation by some therapies, are not fully understood. 

Summary of the Invention 
The invention provides a new and highly advantageous method of potentiating the 
25 immune response in HIV-infected patients, employing extremely low concentrations of 

compounds which, at these concentrations, act as stimulatory, rather than inhibitory, molecules. 
The very low concentrations employed according to the invention allow treatment with 
minimal side effects and toxicity. The specificity of the treatments according to the invention 
also helps avoid these adverse effects, which are seen for example, in treatment with immune 
30 stimulatory compounds such as Interleukin-2. 

The invention involves the unexpected finding that certain compounds, which at 
relatively low concentrations (e.g., 10-M0- 6 M) are cytotoxic to T-cells, nevertheless have 
immune stimulatory properties at extremely low concentrations (e.g., 10- ,0 -10- M M). Even 
more 
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Mnxtto^XMlV* **»&»**%«c<x*' «*«)«y<«~).*T^ 

didehydro-3 '-deoxythymidine) and other nucleoside and non-nuc.eoside reverse transcnptase 
inhibitors and fflV-1 protease inhibitors: Indinavir, Ritonavir, Saquinavir. Combmauon 
therapies include the administration of one or more of these or other antiretrovira, therapeutics 
, alone or together with therapeutics that are intended ,0 treat the secondary infections assocated 
with HIV and/or cytokines (e-g., GM-CSF, G-CSF, interferons, interteukins). 

According to another aspect of the invention, the molecules of the invention are 
contacted with T-cells of a human subject infected with HIV, which T-cclls are unable, pnor to 
treatment according to the invention to respond normally to T-cell proliferation-inducng 
,„ stimuli. In one particuiar.y important embodiment, me mo.ecules of the invention are 

administered in conjunction with an antigen. Ordinary, such reinfected patients do no, 
respond weli to antigens because of an H.V-induced defect in the T-cell stimuiation pathway. 
Use of the molecules according to the invention as adjuvants can render such T-cel.—e 
,o stimulation or vaccination with antigens. The invention permits immunrzafon of H.V- 
„ infected patients with antigens characteristic of HIV, antigens characteristic o other pathogens, 
antigens characteristic of cancer cells and the Uke. Peptide antigens in particular are 
contempla.^ ^ ^ ^ ^ ^ ^ ^ ^ „ 

of HIV-infected subjects in the assays and atthe concentrations described below. CD 6 ,s also 

20 Ifldtoas-dipeptidyl— 

enzyme with a specificity for removing Xaa-Pro (where Xaa represents any ammo acd) 
dipeptides from the amino terminus of a polypeptide substrate. 

Peptides which report have demonstrated utility for inhibiting post-prolyl cleavm 
enzymes 1 which, if coup,ed to a reactive group, form a covalen, complex with a tUnctiona, 

493 493,»P.o,ease I nhibi.ors»,issued to Bachovchine,al.rBachovch.n'493 );U.S 
^^.".nhibitors of Depeptidyl-aminopeptidase Type .V, issued to Bachovchme. al. 

, ("Powers "396"); U.S. 5,296,604, "Proline Derivatives and Compositions for Thetr Use as 
.il. ( Powers ,..„ aIlko . 6 04"); PCT/US92/09845, 

30 lrJ,ibitorsofHiVProtease",issuedtoHankoetal.,(Hanko 604 ), 

"Method for Making a Prolineboronate Ester", and its U.S. priority appl.cations USSN 
07/796,148 and 07/936,198), Applicant Boehringer Ingelheim Pharmaceuticals, Inc. 
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("Boehringer"). Representative structures of I,,, 

w iaiaboronylgroup(B)(oHj Wl " Ch ' heCarb ^ 1 ='«^up(C00H)is re p l aced 
5 In general, the molecules u^fi.i 

S -P. As used herein, . "* " ^ ~* .0 a firs, 

a b<,nd «■•«■ • ftnctional group of a „„„ ' , " * '™" ** ,he «"*«> «™» 

^^-^..JJ^^T**-^---..^ Relive 

donate groups, phosphonate ' *° Brt ««*fa. « a,. These inciude 

-..•ve sro „ pb£1 , Mlconfigiirau . on .J^^'^^esand.e 

5 ^ « f "«-a, group of the active site o^ ^ *» ' ««•« 

"O retirement for eova,e„ t bonl formation ° — °' ^6; however, there is 

Wading molecule and CD2d. 3 C ° m " cx b «»een the CD26 

--tivegroupsthatarefiuoroa^etonegroupshavetheform. 



Ua: 

o 
II 

"~ C -CF 2 - G 



-tain a perf^, ^ ^ ^ n T ^ "^te denvauves 

5.543,396 (Powers '396;. nVB "" M "= ,h °*= "escribed in US. 

Thereactivegroups,^^^^^^^ 



o 
II 

— P-J 



where each J, independently, is O-alkvJ N ,u , 
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and ketoesters that are useful reactive groups for reacting with the reactive center of a protease 
are described in PCT/US9 1/09801, "Peptides, Ketoamides, Ketoacids, and Ketoesters", 
Applicant: Georgia Tech Research Corp. ("GA Tech") which claims priority to U.S. 635,287, 
filed December 28, 1 990. 
5 In certain embodiments, the reactive groups are selected from the groups having the 

formulas: 

O O 
II II 
— C— C-NH 2 

an alphaketo amide; 

O O 
II II 
— C— C-OR 

10 where R is an alkyl, or aryl group and may be substituted or unsubstituted, an alphaketo ester; 
and 

O O 
II II 
-C— C-OH 

an alphaketo acid. 

The preferred compounds having targeting moieties that are peptides which mimic the 
15 substrate binding site of DP-IV. Peptide analogs and nonpeptides or peptidomimetics also can 
be used as targeting moieties. Such molecules can be rationally designed based upon the 
known sequence of substrates of DP-IV or can be identified using combinatorial chemistry and 
screening assays such as are described below. 

The development of phage display libraries and chemical combinatorial libraries 
20 permits the selection of synthetic compounds which mimic the substrate binding site of a 
protease such as CD26. Such libraries can be screened to identify non-naturally occurring 
putative targeting moieties by assaying protease cleavage activity in the presence and absence 
of the putative phage display library molecule or combinatorial library molecule and 
determining whether the molecule inhibits cleavage by the protease of its natural substrate or of 
25 a substrate analog (e.g., a chromophoric substrate analog which is easily detectable in a 

spectrophotometric assay). Those phage library and/or combinatorial library molecules which 
exhibit inhibition of the protease then can be covalently coupled to the reactive groups R 
disclosed herein and again tested to determine whether these novel molecules selectively bind 



10 
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to the protease (e.g., by repeating the above-noted screening asS ay) Inth' 

.ndepe„de„ tly seta* from fte group M ' ^ -»-« D i. 

represents a„ y a,„ m ^ foms . sing , e ^ y X 

moie ty , and an O, „„e rei „ X and z> independcnUy * ^ ™ * ° CZ * >* 



H- 



TV? V? 

-N-C-C-N-C-C 

R R,-C-Y 
i 

R 2 




"y.iscnosen from the group cons sting of the R °m,mc ~p 
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-c 
I 



where n is between 0 and 3 inclusive, each G2 and G3 independently is H or C1-C3 (one to 
three carbon atoms) alkyl, Gl is NM 3 (H 3 represents three hydrogens), 



HN-C— NH 2 
NH 2 



(H 2 represents two hydrogens), or NG4, where G4 is 



C-G 5 
G 6 



where G5 and G6 can be NH, H, or C1-C3 alkyl or alkenyl with one or more carbons substituted 
with a nitrogen. Gl bears a charge, and Gl and Group II do not form a covalently bonded ring 
structure at pH 7.0. Group I may also have the structure: 



Si 

s 6 a , s 2 

Y V 
i i 

s 4 



where one or two of the a, b, c, d, e, and f group is N, and the rest are C, and each S1-S6 
independently is H or C1-C3 alkyl. Group I may also include a five membered unsaturated ring 
having two nitrogen atoms, e.g., an imidazole ring. Group II has the structure: 



O H 
n i 
C-N-C-T 
I I 

Ri-c-Y 

R 2 
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where T is a group of the formula: 
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-B-D 



i 
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25 



5 formula: v^'oiogicai pH, a group of the 



-C-CF-G 
II I 

O F 

where G is either H, fluorine (F) or an alley! group containing 1 to 20 carbn , 

heteroatoms which can be N S feulfi,* n at0mS *** °P tionaI 

n be N, S (sulfur) or O; or a phosphonate group of the formula.- 

O 

II 

— P-J 
I 

O-J 

where each J, independently, is O-alkyl N-alkvl ftralt , B ^ 

includes 1 20 ra h y • EaCh °- alk y J > N ' aI M or alkyl 

includes 1-20 carbon atoms and, optionally, heteroatoms which can be N S orO T 

^ each R„R I ,R ) , Rj , Rs , Rt _ R7>an 

interfere witt, she specific recogmtton of .he fahih-, "8n.fean.ly 
compicx ,o be fo med witt, Drw ' Ulh,b "° ,y by - • 

^ ^ "* R '- R " " * "* *■ - * «■ H. and el Vs L C„ CH 

each R ,s .ndependen,* chose „ f[om ^ R J* CH, -CH, 

compound has a binding „ dissociatton co.^ to DP-JV of a, ,eT ->M ^ 
10" 7 M; and each DI and D2 is, independents or D, ' * 1 °' eVen 

««-b- in U.S. Paten, N o. 5,<o 2 , 928 , hereby „ y ^ »~~sa r e 
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More preferably, the com 
has the formula: 



pound used at low concentration according to the invention 



H O 
I It 

-c— c- 



1 



A— N 

H 2 C .CH 2 

C 
H 2 



,*1 



*Ai N 
H 2 C 



m 



H 2 



H 

I x 2 

CH 2 



physioiogicarpH. ThesecompoundsarealsodescnbeJmU.S.Pa.en, 
The most preferred compounds are of the formula: 



10 



H p y 



15 



H 2 C .CH 2 

C 
H 2 

cleaved by CD26. aDpa rent from the following 

Other features and advantages of the invention wnl be app 

detailed description thereof, and from the claims. 
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°" PBMC from an HIV . r _ 

«*— „ „f a totaJ oftm expCTiraen(s - >B UIustrale . representative 
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In general th- J * iiUiU ^I-ffifiJl!Xei!lioii 
general, the compounds useful a 
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. ,'on EffecUve — are those which cause detectab.e changes » any one or more of ,he 

levels tapB «i^^«f«h.«^^«^ ta ^^ t . s 

^ important aspect of , he invention U .he discovery .hat relative* h i6 h conce— 

(e g ,0-MO ' M> of certain compounds usefui according to the inve„t,o» cause subs»n..a 

J ,T cells For example, using Val-boroPro, greater than 80% toxicty was observed 
cy.o.ox.c^ofT-^For ex , ^ ^ _ ^ a( , 

conccntrauon of 10 M. „ concentrations of 

, 5 boroPro, it was no. expected <ha. mere wo substantia „y a , concentrations 

10 -«. Unexpectedly, however, —ry w 

observed at concenttations of 10 -10 M. merebv voiding any detectable 

be applied at extremely low concentrations h v«ro, or ,„ v,vo, .hereby avo.d,ng 
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levels are achieved. Thus, effective in vivo dosmg can be accomphs 
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below, which involve measurement of proliferation. 

In the screening assays described in the previous paragraph, a reporter substrate such as 
Ala-Pro-AFC, which contains a proline in the penultimate position, can be employed. 
Alternatively, a colorimetric assay can be carried out using as a substrate Gly-Pro-PNA. The 
5 choice of terminal amino acid is not critical, provided that the substrate contain a free terminal 
amino group. A fluorescence spectrometer then can be used to measure cleavage of the reporter 
substrate. Multiple samples can be run, with or without a test compound. The samples are placed 
in a cuvette, inserted into a fluorescent spectrometer, and enzymatic activity is measured as the 
accumulation of fluorescence intensity (i.e., substrate cleavage product) over time (e.g., 1 minute). 
10 A compound is identified as a good candidate if the accumulative fluorescence is decreased as a 
result of the presence of the compound. 

When methods are carried out in vivo, the effective amount will vary with the particular 
condition being treated, the age and physical condition of the subject being treated, the severity of 
the condition, the duration of the treatment, the nature of the concurrent therapy (if any), the 
15 specific route of administration and the like factors within the knowledge and expertise of the 
health practitioner. For example, an effective amount can depend upon the degree to which an 
individual has abnormally depressed levels of T-cells. 

Generally, doses of active compounds would be from about 0.001 mg/kg per day to 1000 
mg/kg per day. It is expected that doses ranging from .01-10 mg/kg will be suitable, preferably 
20 orally and in one or several administrations per day. Lower doses will result from other forms of 
administration, such as intravenous administration. In the event that a response in a subject is 
insufficient at the initial doses applied, higher doses (or effectively higher doses by a different, 
more localized delivery route) may be employed to the extent that patient tolerance permits, 
provided that toxic levels are not administered. Multiple doses per day are contemplated to achieve 
25 appropriate systemic levels of compounds. 

When administered, the pharmaceutical preparations of the invention are applied in 
pharmaceutically-acceptable amounts and in pharmaceutically-acceptable compositions. Such 
preparations may routinely contain salt, buffering agents, preservatives, compatible carriers, and 
optionally other therapeutic agents. When used in medicine, the salts should be pharmaceutically- 
30 acceptable, but non-pharmaceutically-acceptable salts may conveniently be used to prepare 
pharmaceutically-acceptable salts thereof and are not excluded from the scope of the invention. 
Such pharmacologically- and pharmaceutically-acceptable salts include, but are not limited to, 
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"■ale,, aceuc, salicylic, citric, formic, „,a,oni c , ^ ^ ^ " h °*<*°<*. 

or calcium sails. ' " m sodnm >' Polassium 

5 ™ emoto '«™y°e combined, op.^ . 

.0 pharmaceutic., colons also are capable of being -^^l^TT 
present invention, ^ wilh ^ . 8 dJ^L ."^ 

substantially imDair lhe desjred phanBaMut| . cai efflcacy ™— which W o„ ld 

The pharmaceutical compositions may conlato suitable buffering a E e„ts inch „■ 

Thcpharmaccu.icalcomposi.ioasalsomaycon.ain.optionallv suitable o™, ,■ 
as: ben^omum chloride; Clorobutanol; parabens ana thilosal "* 

ComposMonssuteb.eforparen^adminisUationconvenien.lycompriseas.erileaou 
Preparation ofme anti-inflammatory agent which is ™fe» H ■ . rapr,Seas,en,e 
recioier.1 Thi. Preferably isotonic with the blood of the 

ZT • mSa,UMUS — ^formuUtcd accordmg ,„ taoTO raelhods ^ 
dispersing or wetting agents and suspending seems The **• ■ ... ^™ Wt . 
* . sterile instable solution or s^ ^rZ^Z^lT " 

^ Purpose any bland feed oi , may , ^ ^ * 
dd.t, n fatty acids ^ as oleic acid may be used in the preparation of m^L cl 

"°T ,ab,e,orora '' subcu,aneous - iM — ^io!T 

found ,„ Remington's PharmaceuUca, Seizes, Mack Publishing Co., Easton PA 

Avanety of administration routes are available. The particular mode selected will depend 
of course, upon the particular drug select, the severity ofthe condition being ^ ^ 
dosage reouued for therapeutic efficacy. The methods of the invention generally ^ 
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produces effective levels of the active compounds without causing clinically unacceptable adverse 
effects. Such modes of administration include oral, rectal, topical, nasal, interdermal, or parenteral 
routes. The term "parenteral" includes subcutaneous, intravenous, intramuscular, or infusion. 
Intravenous or intramuscular routes are not particularly suitable for long-term therapy and 
prophylaxis. They could, however, be preferred in emergency situations. Oral administration will 
be preferred for prophylactic treatment because of the convenience to the patient as well as the 
dosing schedule. 

The pharmaceutical compositions may conveniently be presented in unit dosage form and 
may be prepared by any of the methods well-known in the art of pharmacy. All methods include 
the step of bringing the active agent into association with a carrier which constitutes one or more 
accessory ingredients. In general, the compositions are prepared by uniformly and intimately 
bringing the active agent into association with a liquid carrier, a finely divided solid carrier, or 
both, and then, if necessary, shaping the product. 

Compositions suitable for oral administration may be presented as discrete units, such as 
capsules, tablets, lozenges, each containing a predetermined amount of the active agent. Other 
compositions include suspensions in aqueous liquids or non-aqueous liquids such as a syrup, elixir 
or an emulsion. 

Other delivery systems can include time-release, delayed release or sustained release 
delivery systems. Such systems can avoid repeated administrations of the active agent, increasing 
convenience to the subject and the physician. Many types of release delivery systems are available 
and known to those of ordinary skill in the art. They include polymer base systems such as 
poly(lactide-glycolide), copolyoxalates, polycaprolactones, polyesteramides, polyorthoesters, 
polyhydroxybutyric acid, and polyanhydrides. Microcapsules of the foregoing polymers 
containing drugs are described in, for example, U.S. Patent 5,075,109. Delivery systems also 
include non-polymer systems that are: lipids including sterols such as cholesterol, cholesterol esters 
and fatty acids or neutral fats such as mono-di- and tri-glycerides; hydrogel release systems; 
sylastic systems; peptide based systems; wax coatings; compressed tablets using conventional 
binders and excipients; partially fused implants; and the like. Specific examples include, but are 
not limited to: (a) erosional systems in which the active agent is contained in a form within a 
matrix such as those described in U.S. Patent Nos. 4,452,775, 4,667,014, 4,748,034 and 5,239,660 
and (b) diffusional systems in which the active agent permeates at a controlled rate from a polymer 
such as described in U.S. Patent Nos. 3,832,253 and 3,854,480. In addition, pump-based hardware 



10 
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delivery systems can be used, some of which are adapted for , mpIantatioi , 

Use of a teng-term sustained release implant may be panicul „, y ■ 
chron, coupon, Long-term release, as use, herein, means tha, the irapl an, is constru" 

60 days. Long-term sus tained rcI _ ^ „ <o ^ r 

and .nclude some offte release systems described above. 

Certain families of molecules useful according to the invention are described in U S P , . 

Apphcatton No. WO9<,0305, One of the fcmilies ofmolccn.es described in thl pa, 2 Z 
be referred to as me Xaa-Boro-Pro mo,ecu,es, exemplifred by A ,a-bor„Pro, ^ ^ " " 

SSI 7C TrT C ° mP0UndS ' - i fa BXamP ' eS " — - Lys-Boro-Pro 
( KBP ) and Val-Boro-Pro ("VBP"). 



EXAMPT.y g 

mfceted .ndrvrduals, and from uninfected individuals. Varying dosages of KBP or VBP wel 

of H hym,d,„c (cpm). The results of these experiment, are shown in Pig. , : very low L cs o 

t ™ MC 7 ^^^"^^"^^HiV-infectcdpa^ 
out QQt PBMC from uninfected patients. 

As shown fa Fig. I, at no concentration tested of the compounds did they affect PB MC 
from umnfected individual, The compounds, a, moderate concentrations, L did „ , Z 
prCferauon of PBMC from HIV-infected individual bu, did cause marked proliferation ,Z 
■ow concentrations (iO' and ,0-^, The same resu, K are shown fa m d o 1; Z 

flO-U* r 8 ^ Sh ° WiDg ' OW «"«»*«*o -d Val-boroPro' 

(10 M) caused proton of PBMC of HTV-fafcced patients, whUe higher doses (10- Jd* 

™ge because .t wou.d cause T-cc„ death fa patients already severely comprised with T-cell 
los, As shown ,„ Pig, 5 and 6, Val-boroPro can be used successmlly outside of this cytoj 
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range, avoiding the cytotoxic effects. 

Referring to Fig. 4, data are presented in a form showing that low concentrations of the 
compounds of the invention have less effect on the PBMC of HIV-infected patients whose CD4 + 
counts are lower than about 400 (clinical indication for AIDS) than on the PBMC of HIV-infected 
5 patients whose CD4 + counts arc higher than about 400. In the graph of Fig. 5, the natural log of 
the stimulation index (the vertical axis) is plotted against the natural log of the CD4 + count of the 
patients; as is shown. 

The disclosures of any patents and patent applications referenced to herein are expressly 
incorporated by reference. 
10 We claim: 
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1. A method for treating the T-cells of a human subject infected with Human 
Immunodeficiency Virus, comprising: 

contacting said T-cells with a molecule that inhibits CD26 and that stimulates immune 
5 function of said T-cells in an amount effective to stimulate immune function of the T-cells said 
amount being below a concentration which causes detectable cytotoxicity of said T-cells. ' 

2. The method of claim 1. wherein said molecule stimulates proliferation of said T- 

cells at said effective concentration. 

0 

3. The method of claim 1, wherein the T-cells are contacted in vitro and then are 
administered to the subject. 

4. The method of claim 1 , wherein the T-cells are contacted in vivo. 

5. The method of claim 3, wherein the effective amount is below 10"«M. 

6. The method of claim 4, wherein the effective amount is a blood concentration below 

1 0" 8 M. 



7. The method of claim 5, wherein the effective amount is between 10"' 0 and 10-"M. 

8. The method of claim 6, wherein the effective amount is a blood concentration 
between 10" ,o and 10" I6 M 

9. The method of claim 4, wherein the molecule is administered in conjunction with 
a different therapeutic agent that increases the CD4* count of HIV-infected patients. 

10. The method of claim 1, wherein the human subject's T-cells are unable, prior to 
treatment with said molecule, to respond normally to T-cell proliferation-inducing stimuli. 



11. The method of claim 4, wherein the molecule is administered 



in conjunction with 
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an antigen. 

1 2. The method of claims 1-11, wherein the molecule mimics the site of a substrate 
recognized by a post-prolyl cleaving enzyme and includes a reactive group that binds covalently 

5 with a functional group in a reactive center of the post-prolyl cleaving portion of CD26. 

1 3. The method of claim 12, wherein the molecule has the formula: 



X N G -B 

H 2 C. CH 2 

C 
H 2 



10 wherein X is a targeting moiety that mimics the site of a substrate recognized and cleaved by 
CD26. 
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